Aberrant expression of classical cadherins has been observed in tumor invasion and metastasis, but its involvement in cervical carcinogenesis and cancer progression is not clear. We investigated E-, P-and N-cadherin expression and its significance in cervical squamous cell carcinoma (SCC) and cervical intraepithelial neoplasia (CIN). This retrospective study enrolled 508 patients admitted to Women's Hospital, School of Medicine, Zhejiang University with cervical lesions between January 2006 and December 2010. Immunochemical staining was performed in 98 samples of normal cervical epithelium (NC), 283 of CIN, and 127 of early-stage SCC. The association of cadherin staining with clinical characteristics and survival of the patients was evaluated by univariate and multivariate analysis. We found gradients of decreasing E-cadherin expression and increasing P-cadherin expression from NC through CIN to SCC. Aberrant E-cadherin and P-cadherin expression were significantly associated with clinical parameters indicating poor prognosis and shorter patient survival. Interestingly, we found very low levels of positive N-cadherin expression in CIN and SCC tissues that were not related to CIN or cancer. Pearson chi-square tests showed that E-cadherin expression in SCC was inversely correlated with P-cadherin expression (E-P switch), and was not correlated with N-cadherin expression. More important, patients with tissues exhibiting an E-P switch in expression had highly aggressive phenotypes and poorer prognosis than those without E-P switch expression. Our findings suggest that E-cadherin and P-cadherin, but not N-cadherin staining, might be useful in diagnosing CIN and for predicting prognosis in patients with early-stage SCC.
Introduction
Cervical cancer is one of the most common malignant gynecological tumors, with an estimated 527,600 new cases and 265,700 deaths worldwide in 2012 [1] . In recent decades, the incidence rate of cervical cancer in developed countries has gradually declined due to the widespread use of cervical screening. In less developed countries including China, cervical cancer remains the second most commonly diagnosed cancer and the third leading cause of cancer death in women [1] .
Cervical carcinogenesis is induced by persistent high-risk HPV infection and progresses slowly. The cervical epithelium transforms from normal tissue through cervical intraepithelial neoplasia (CIN) to cervical cancer. CIN can be characterized as a low-grade lesion (LSIL) or high-grade lesion (HSIL). Most LSILs regress spontaneously, whereas the majority of HSILs progress to invasive disease [2] . However, there is a current lack of biomarkers to predict progression to cervical cancer in women with CIN.
Radical surgery is a first-choice treatment for early stage cervical cancer patients. Patients with poor prognosis should receive radiation or chemo-radiation after surgery. Lymph node metastasis (LNM) has been recognized as an indicator of poor prognosis and an independent variable associated with poor survival [3, 4] . Previous studies have reported that the 5-year survival rate of patients with LNM was 20% to 30% lower than that of patients without LNM [5] . A better understanding of the mechanisms of cervical cancer metastasis and identification of therapeutic targets associated with metastasis, would be expected to contribute to improving the prognosis of cervical cancer patients.
The cadherin superfamily is an evolutionarily conserved family of adhesion molecules that mediate calcium-dependent, homophilic cell-cell interactions. Cadherin molecules can be subdivided into three subfamilies: classical cadherins, nonclassical cadherins and protocadherins. Of these, classical cadherins are the most extensively studied. Based on their tissue distribution, classical cadherins comprise mainly epithelial cadherin (E-cadherin), placental cadherin (P-cadherin), and neural cadherin (N-cadherin) [6, 7] , which are all required for normal cell-cell adhesion and maintaining tissue integrity and homeostasis. Aberrant expression of classical cadherins was recently found to be associated with tumor invasion and worse prognosis in many carcinomas [8, 9] . E-cadherin has been identified as a tumor suppressor gene [10, 11] , and is recognized as having a role in the development of cervical cancer. Decreased E-cadherin expression has not only been detected in cervical squamous carcinoma [12, 13] , but also has been associated with tumor invasion and poor prognosis [14] . Several regulatory factors, including transforming growth factor β1 [15] , KCL cotransporter-3 [16] , and epidermal growth factor [17] , promote cell migration and invasion in cervical cancer cell lines by regulating the expression and function of E-cadherin. However, E-cadherin expression in CIN and its role in cervical carcinogenesis have not been described. In addition, few if any data on the expression and function of the other two family members, P-cadherin and N-cadherin, in cervical squamous cell cancer (SCC) and its precursors are available.
We examined the expression of E-, P-and N-cadherin in tissues from normal cervical squamous epithelium, CIN and early-stage cervical squamous carcinoma by immunohistochemistry. The aim of this study was to describe the level of expression of the cadherins and their clinical significance in early-stage SCC and its precursors.
Materials and Methods

Ethics Statement
The present study was approved by the Institutional Review Board, Women's hospital, School of Medicine, Zhejiang University. The informed consent has been given and obtained from all individual participants included in the study.
Patients and Tissue Specimens
This retrospective study enrolled 508 patients with cervical lesions treated at Women's Hospital, School of Medicine, Zhejiang University between January 2006 and December 2010. The study population comprised two groups. As shown in Table 1 , one group included 283 CIN patients with colposcopy and biopsy at the Hospital's cervical lesion clinic because of abnormal cytology (liquid-based cytological test) and/or high-risk HPV positive (HC2 method). The second group included 127 patients with early-stage SCC who underwent radical hysterectomy with pelvic lymph node dissection and did not receive any anticancer therapy prior to their surgery. The clininicopathological characteristics of those patients with SCC are shown in Table 2 . Normal cervical epithelial tissue was collected from 98 control patients with hysterectomies due to benign gynecologic diseases.
Follow-Up
The patients with SCC were followed up postoperatively by interview at the clinic or by phone call. Regional tumor recurrence, distant metastasis, and patient survival were recorded; disease-free survival (DFS) and overall survival (OS) were calculated from the day of the surgery until recurrence or death. The last day of follow-up was December 2014. The median followup was 72 months (range, 13-99 months). During follow-up, 21 patients (16.5%) had a clinical recurrence and 16 (12.6%) died of progressive disease; 12 (9.4%) were lost to follow up.
Immunohistochemical Staining
Tissues were embedded in paraffin, sectioned at 4μm, mounted on slides, dewaxed in xylene for 15 minutes, passed through a graded aqueous/alcohol series, and rehydrated in distilled water. To recover antigen reactivity, sections were heated in 0.1 mol/L pH 6 citrate buffer for 20 min in a 95°C water bath, cooled, and kept at room temperature for 30 min. Nonspecific binding was blocked by incubating the sections for 30 min with diluted normal goat serum. The immunohistochemical staining was performed by the avidin-biotin peroxidase method using a SLABC kit (DAKO, Glostrup, Denmark). Briefly, slides were incubated at room temperature for 2 h with polyclonal rabbit E-cadherin antibody (1:500; Catalog Number, sc-7870; Santa Cruz, CA, USA), polyclonal rabbit P-cadherin antibody (1:200; Catalog Number, sc-7893; Santa Cruz), or polyclonal rabbit N-cadherin antibody (1:50; Catalog Number, sc-7939; Santa Cruz). Then the sections were developed for 2 min with the enzyme substrate 3,3'-diaminobenzidine chromagen (DAB, DAKO) and counterstained with Mayer's hematoxylin for 30 s. After dehydration, the tissues were coverslipped with Permount and observed. 
Evaluation of Immunoreactivity
Immunohistochemical staining was independently scored in four fields by two senior pathologists who had no knowledge of the clininicopathological data. In case of disagreement, the scoring was discussed by the pathologists until they agreed on a final result. E-cadherin and Pcadherin immunoreactivity was assessed by staining intensity and the distribution of positively stained tumor cells. Intensity was scored as negative (0), weakly positive (1), or moderately or strongly positive (2) . The staining distribution was scored as 0 for <10%, 1 for 10 to <50%, and 2 for 50% positively stained cells. The sum of the staining intensity and distribution scores was used to express immunoreactivity. A total score <3 was considered as reduced expression and 3 as increased expression. As previously reported, N-cadherin expression was considered positive if at least 5% of the cells had moderate or strong membrane and/or cytoplasmic staining [18, 19] . Tissue samples with fewer or less intensely stained cells were scored as negative.
Statistical Analysis
Statistical analyses were performed using SPSS 16.0 for windows (SSPS Inc, Chicago, IL, USA). The correlation of cadherin expression with clinicopathological characteristics, and the significance of differences in cadherin expression were determined by Pearson's chi-square test. Survival curves were generated by the Kaplan-Meyer method and survival rates were compared using the log-rank test. On the univariate and multivariate analyses, the Cox proportional hazard method was used to identify independent predictors of survival. All statistical tests were two-sided, and P-values 0.05 were considered statistically significant.
Results
The Evaluation of E-, P-and N-Cadherin Expression in Cervical Specimens
A total of 508 cervical tissue samples were collected to evaluate E-, P-and N-cadherin expression by immunohistochemistry, including 98 NC, 283 CIN, and 127 early stages SCC. cases were well differentiated (G1), 101 were moderately differentiated (G2), and 22 were poorly differentiated (G3). Lymph node metastasis (LNM) was confirmed in 31 (24.41%) of 127 cases. Immunohistochemical staining of E-, P-and N-cadherin expression is shown in Fig  1 and described below.
E-Cadherin Expression
The majority of NC epithelium tissue samples showed consistent, strong staining of E-cadherin of cell membranous throughout all layers. E-cadherin immunoreactivity was also observed predominantly in the cell membrane of cervical cancer cells, whereas stromal cells did not exhibit any staining. As shown in Table 1 , 97.96% (96/98) samples of NC epithelium had increased expression of E-cadherin (scores 3) and only 2.04% had reduced expression (scores <3). However, reduced expression of E-cadherin was seen in 10.25% (29/283) CIN specimens and 35 of 127 SCC specimens (27.56%). E-cadherin expression gradually decreased from the level seen in normal epithelium through CIN to SCC (NC vs. CIN, P = 0.01; NC vs. SCC, P = 3.05E
; CIN vs. SCC, P = 7.98E -6 ). Also, in CIN, E-cadherin expression was significantly lower in HSIL than in LSIL and in normal epithelium (HSIL vs. LSIL, P = 0.041; HSIL vs. NC, P = 0.003). E-cadherin expression in LSIL and NC were not significantly different (NC vs. LSIL, P = 0.749).
P-Cadherin Expression
P-cadherin immunostaining was absent or very weak in normal cervix, and predominantly restricted to the basal one or two layers of the epithelium. In SCC, P-cadherin was predominantly localized in the membrane and cytoplasm of tumor cells without significant nuclear staining. As shown in Table 1 , P-cadherin expression increased with progression from NC through CIN to SCC. Increased expression of P-cadherin (scores 3) was observed in 29 of 283 CIN (10.25%) and 41 of 127 SCC (32.28%) specimens compared with 2/98 NC patients (2.04%); all differences were significant (NC vs. CIN, P = 0.01; NC vs. SCC, P = 1.06E -8 ; CIN vs. SCC, P = 4.17E -8 ). P-cadherin expression was significantly higher in both HSIL and LSIL than that in NC tissue (HSIL vs. NC, P = 0.03; LSIL vs. NC, P = 0.002), but expression of P-cadherin in HSIL and LSIL did not differ significantly (P = 0.127).
N-Cadherin Expression
As shown in Table 1 , there was no detectable N-cadherin staining in NC epithelium (0/98). In SCC, N-cadherin staining was predominantly located in the membrane and cytoplasm of tumor cells. Positive N-cadherin staining was seen in 12 of 283 CIN (4.24%) and 16 of 127 SCC (12.59%), with a progressive increase in N-cadherin expression along with the progression of cervical disease (NC vs. CIN, P = 0.083; NC vs. SCC; P = 2.66E -4 ; CIN vs. SCC, P = 0.002). Ncadherin expression in NC, LSIL, and HSIL did not differ significantly (LSIL vs. NC, P = 0.031; HSIL vs. NC, P = 0.155; HSIL vs. LSIL; P = 0.360). Representative immunohistochemical staining showing E-, P-and N-cadherin expression in normal cervical (NC) epithelium, cervical intraepithelial neoplasia (CIN) and cervical squamous cell carcinoma (SCC) tissue using serial section technique. Simultaneously reduced E-cadherin expression, increased P-cadherin expression and negative N-cadherin expression were observed in one representative case with CIN (B) or SCC tissue (C). One representative case with NC tissue (simultaneously increased E-cadherin expression, reduced P-cadherin expression and negative N-cadherin expression) was shown as a control (A). Magnifications, ×200.
The Correlation of E-, P-and N-Cadherin Expression with Clinicopathological Characteristics in SCC
The correlation of E-, P-, and N-cadherin expression with clinicopathological characteristics of SCC tissues is shown in Table 2 . Reduced E-cadherin staining (score <3) was seen in tissue from 35 early stages SCC patients (27.56%), and increased staining (score 3) was seen in the remaining 92 samples (72.44%). Reduced E-cadherin expression was significantly associated with lymphovascular space invasion (LVSI) (P = 0.045) and lymph node metastasis (LNM) (P = 0.001). P-cadherin expression was reduced (score <3) in 86 (67.72%) specimens and increased (score 3) in 41 (32.28%). Increased P-cadherin expression was significantly associated with the degree of stromal invasion (P = 0.024), LVSI (P = 0.011), and LNM (P = 0.002). N-cadherin expression was negative in 111 (87.40%) specimens and positive in 16 (12.60%). Positive N-cadherin expression was correlated only with the degree of stromal invasion (P = 0.034).
The Correlation of P-Cadherin or N-Cadherin with E-Cadherin Expression in SCC
The Pearson chi-square test showed that E-cadherin expression was inversely correlated with P-cadherin expression (P = 0.015), but not correlated with N-cadherin expression (P = 0.957), as shown in Table 3 . The results suggest that there is an E-P switch, but not an E-N switch, in early-stage SCC tissue.
The Correlation of E-P Switch with Clinicopathological Characteristics in SCC
Simultaneous down-regulation of E-cadherin expression and up-regulation of P-cadherin expression (i.e., an E-P switch) was seen in 17 (13.39%) early-stage SCC patients. The relationship of the cadherin switch profile with clinicopathological characteristics is shown in Fig 2. Some differences in the clinicopathological characteristics of patients with or without E-P switch profiles were significant. As shown in S1 Table, these included endometrial extension (P = 0.003), LVSI (P = 0.027), surgical margin (P = 0.036), and LNM (P = 0.001).
Survival Analysis
Kaplan-Meier analysis was used to investigate the prognostic value of the expression of classical cadherins. The survival curves in Fig 3 show the association of E-, P-and N-cadherin expression with disease-free survival (DFS) and overall survival (OS) in 127 patients with early-stage SCC. Significance was tested in univariate and multivariate Cox regression models. The Kaplan-Meier analysis showed that reduced E-cadherin expression was significantly associated with shorter DFS (P = 3.89E -5 ) and OS (P = 0.001). Patients with increased P-cadherin expression also had significantly shorter DFS (P = 0.028) and OS (P = 0.008), N-cadherin expression was not significantly associated with DFS (P = 0.779) or OS (P = 0.550). KaplanMeier analysis also showed that the E-P switch was strongly associated with shorter DFS (P = 0.001) and OS (P = 0.002) compared with survival in the absence of the E-P switch. Furthermore, Cox univariate proportional hazards analysis showed that International Federation of Gynecology and Obstetrics (FIGO) stage, the degree of stromal invasion, parametrial extension, endometrial extension, LVSI, surgical margin, LNM, E-cadherin expression, P-cadherin expression, and E-P switch profile predicted significantly shorter DFS and OS. More important, multivariate analysis showed that both reduced E-cadherin expression and LNM, were independent predictors of shorter DFS and OS in patients with early-stage SCC (Table 4) .
Discussion
Classical cadherins, the transmembrane components of adherens junctions, bind to cytoplasmic catenin molecules and then interact with the actin cytoskeleton. They play a key role in embryogenesis and maintenance of normal adult tissue architecture and cell polarity [20] . Ecadherin is a classical cadherin found in almost all human epithelial tissues, where it mediates the integrity of cell groups and tissue homeostasis in normal epithelia. P-cadherin is predominantly expressed in placental tissue, and is expressed only in the basal layers of stratified epithelium. N-cadherin occurs predominantly in neural tissues, but is usually absent from normal epithelia [21] . A number of studies have demonstrated that significant changes in the expression or function of these classical cadherins can cause abnormal adherens junctions, eventually contributing to initiation and development of malignancy [22, 23] . The way in which these classical cadherins are involved in carcinogenesis and cancer progression in the cervix has not been described. In this study, we found reduced E-cadherin expression and increased P-cadherin expression in patients with LSIL and in those with HISL, suggesting that aberrant expression of both cadherins occurred in the early phase of cervical squamous carcinogenesis. Previous studies have reported similar results [12, 24] . It is clear that LSIL and HSIL are different clinical stages of cervical carcinogenesis. One study reported that more than 60% of LSILs spontaneously regressed within 2 years [25] , but that most HSILs progressed to invasive disease if not treated. Based on American Academy of Vaginal and Cervical pathology (ASCCP) guidelines, patients with Fig 2. The Correlation of the E-P switch and several clinical variables. Among 127 early-stage SCC patients, 17 presented with simultaneously reduced E-cadherin expression and increased P-cadherin expression (an E-P switch). The E-P switch was significantly associated with endometrial extension (P = 0.003), lymph vascular space invasion (LVSI) (P = 0.027), surgical margin (P = 0.036), and lymph node metastasis (LNM) (P = 0.001).
doi:10.1371/journal.pone.0155910.g002 HSIL require prompt treatment, but that patients with LSILs-with ASC-US or LSIL cytology -should be followed up carefully. Therefore, to choose the appropriate therapeutic strategy, it is important to correctly distinguish between HSIL and LSIL. Our study is consistent with others, and adds to the evidence that E-cadherin and P-cadherin are useful biomarkers, and that immunostaining can assist in distinguishing HSIL from LSIL.
Previous studies also showed that aberrant expression of E-cadherin might be involved in cervical cancer metastasis. Cheng et al reported that decreased expression of E-cadherin and increased expression of vimentin contributed to invasiveness and poor prognosis in cervical cancer [14] . The association of P-cadhern expression with progression of cervical cancer is poorly understood. In this study, we found that decreased E-cadherin expression and increased P-cadherin expression were significantly associated with some clinical variables (e.g., LVSI and LNM) that indicated poor prognosis. The survival analysis showed that reduced E-cadherin The cadherin switch, which is a key characteristic of epithelial-mesenchymal transition (EMT), consists of changes in the expression of different isoforms of classical cadherins that result in alteration of adherens junctions [26] . There is accumulating evidence that the cadherin switch is involved in diverse biological processes including cell adhesion, cell function, and growth regulation. Recent studies have also reported that the cadherin switch was associated with cancer initiation, invasion, and metastasis [27, 28] . In this study, we found that E-cadherin expression and P-cadherin expression was inversely correlated (E-P switch) in 127 patients with early-stage SCC. We also observed that SCC expressing the E-P switch had highly aggressive phenotypes and had a poorer prognosis compared with tumors lacking the E-P switch. Theoretically, the predictive value of the E-P switch is greater than that of either E-or P-cadherin alone, but our results did not find that the E-P switch was an independent predictor of patient survival. The reason may be related to the absence of advanced stage patients in our series.
N-cadherin is a classical cadherin with aberrant expression in various human malignancies [29, 30] , but we found very low levels of N-cadherin expression in cervical lesions and that Ncadherin expression was not associated with clininicopathological characteristics or patient survival in early-stage SCC. Thus, N-cadherin did not predict tumor metastasis or prognosis in SCC patients.
Conclusion
We showed, for the first time, gradually decreasing E-cadherin expression and gradually increasing P-cadherin expression beginning in NC epithelium and continuing through CIN to SCC. Aberrant E-cadherin and P-cadherin expression or an E-P switch was significantly associated with some clinical variables indicative of poor prognosis and survival in early-stage SCC patients. Our findings suggest that E-cadherin and P-cadherin immunostaining might assist in the diagnosis of CIN and indicating prognosis in early-stage SCC patients.
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